The Department of Health and the Public Health Laboratory Service established the Nosocomial Infection National Surveillance Scheme in order to standardise the collection of information about infections acquired in hospital in the United Kingdom and provide national data with which hospitals could measure their own performance. The definition of superficial incisional infection (skin and subcutaneous tissue), set by the Center for Disease Control (CDC), should meet at least one of the defined criteria which would confirm the diagnosis and determine the need for specific treatment.
Infections acquired in hospital have a significant morbidity and an increase in the risk of death. 1 They result in an extended length of stay in hospital, pain, discomfort and sometimes prolonged or permanent disability. 1, 2 Surgical-site infection accounts for approximately 10% of all hospital-acquired infections, which are estimated to double the cost of care and result in an additional mean of 6.5 days of hospital stay. 1, 3, 4 The Study on the Efficacy of Nosocomial Infection Control (SENIC) demonstrated that well-organised surveillance and programmes for infection control which include feedback of the rates of infection to surgeons were associated with significant reductions in surgical-site infection (SSI). 5, 6 The conclusions obtained from such surveillance schemes can be used to effect change, but require effort and coordination to develop. 7 The validity of such observations should be based on standardised definitions and monitoring systems. 8 In 1996 the Department of Health and the Public Health Laboratory Service in the United Kingdom established the Nosocomial Infection National Surveillance Scheme (NINSS) in response to the need to standardise the collection of information about hospital-acquired infections. The aim was to provide national data which could be used by hospitals to measure their own performance. The recent study by the National Audit Office 2 of the strategic management of hospital-acquired infections in acute NHS trusts in England considered that the first report from NINSS indicated that there was scope for trusts to reduce their rates of infection. They considered that the development of the scheme would improve patient care by identifying and reducing the extent of avoidable infection. A subgroup of the Healthcare Associated Infection Surveillance Steering Group of the Department of Health made recommendations for extending surveillance of SSIs in orthopaedic surgery to all English trusts, greater ownership of the surveillance by orthopaedic staff and the development of systems to enable local data handling. 9 Subsequently, surveillance of SSI in orthopaedics became mandatory from April 2004.
The definitions of surgical-site infection are based on those published by the Center for Disease Control (CDC) in 1992 10 and their location is classified as superficial, deep and organ/space (Table I) . This system allows confirmation of the diagnosis and the need for specific treatment of the wound infection to be determined. It is imperative that this system be reliable.
Superficial incisional infections account for the majority of cases of reported SSI especially in elective orthopaedic surgery. 11 We have assessed the interobserver reliability of the criteria for superficial incisional infection as set by the CDC and adopted by NINSS.
Patients and Methods
The incisional site of 50 consecutive patients who had an elective arthroplasty of the hip or knee were evaluated postoperatively for the presence or absence of SSI. The wounds were reviewed on the third, fifth and seventh post-operative days. Patients included in the study were those with a primary joint replacement, no previous scarring at the site of the operation and under the age of 85 years. Those undergoing revision surgery or who left the department in less than seven days after the operation were excluded. Observers. The clinical assessment of the wound was conducted by two orthopaedic clinical research fellows and two senior elective orthopaedic ward sisters, all with varying levels of experience (MKA, BF, SW, LT). All wound sites were assessed at the same time of day by all four observers together. They were not allowed to communicate or discuss their individual evaluations. Assessment. All assessments were completed on a preformed data sheet used by the NINSS in their routine surgical wound surveillance. The wounds were examined for the presence of superficial incisional site infection using the predefined criteria set by the CDC and recommended by NINSS. For the superficial infection to be positive it had to meet one of the three criteria outlined in Table II . After the completion of this assessment, all data forms were checked for completeness by the study's peripatetic clerk (AK), and the results entered for analysis by the biostatistics department. Statistical analysis. Statistical analysis at a level of significance of 5% was carried out using computer-generated SSPS 10.0 for Windows (SPSS Inc, Chicago, Illinois). Interobserver reliability was assessed by comparison of the criteria as determined by the four observers. A kappa (k) reliability coefficient was carried out to test the difference of the results between the four observers. 12 By consensus, a reliability coefficient of > 0.60 was chosen to indicate adequate reliability.
Results
Between November 2001 and March 2002, the surgical site of 50 consecutive joint replacements in the lower limb were evaluated (23 hips and 27 knees). The mean age of the patients at the time of operation was 71 years (46 to 85). There were 28 women and 22 men. The mean operation time for a hip replacement was 74 minutes (48 to 128) and for knee arthroplasty 81 minutes (44 to 136).
All patients received prophylactically a loading dose of 1.5 g of cefuroxime at the time of the induction of anaesthesia followed by 750 mg of cefuroxime at eight and 16 hours after the operation. The procedures were performed in clean, laminar flow theatres. Forty-six patients had drains inserted which were removed 48 hours after their surgery. Wound clips were used in 42 patients and nonabsorbable skin sutures in the remaining eight.
All four observers achieved absolute agreement (kappa (k) = 1) for purulent wound discharge, fever and spontaneous dehiscence of the wound. They achieved a very good agreement (k = 0.81 to 1) for the clinical diagnosis of wound infection. They had good agreement (k = 0.61 to 0.8) for the assessment of pain but there was significant disagreement (fair, k = 0.21 to 0.4; poor, k = < 0.2) between all four observers in the judgement of tenderness, redness, localised swelling, and local heat. Tables III to V give the findings for the third, fifth and seventh days respectively. The nurses obtained a higher degree of reliability than the doctors in the majority of patients. The most significant feature for disagreement between the two doctors was redness.
A wound swab was taken in six cases and was sent for bacteriological analysis. This decision was made by the senior ward sister who had a long-term interest and experience in infection control. The decision for taking the swab was solely dependant on the individuals' interpretation of the predefined SSI criteria (criterion 3). For the same six patients there was a significant disagreement among the observers for the interpretation of the third criterion. As a result of these investigations the patients received an unnecessary two-day course of antibiotics and their hospital discharge was delayed by two days until the final results of the bacteriological examination were readily available. 
Discussion
Throughout the 20th century, the effort to control surgical wound infection has been focused primarily on those operations which have a low probability peri-operative bacterial wound contamination, the 'clean' procedures which comprise 50% to 70% of all operations. 6, 13, 14 In 1896 Brewer 15 first drew attention to this at New York's Roosevelt Hospital by showing that surgical wound infections occurred after 30% of clean operations.
Problems with infection in patients admitted to hospital remain a major public health problem. In 1974, the CDC initiated the Study on the Efficacy of Nosocomial Infection Control in order to estimate the magnitude of nosocomial infection in hospitals in the United States, to describe the extent to which hospitals had adopted the new infection surveillance and control programme and to determine whether and, if so, to what extent, this was effective in reducing nosocomial infection. 16 In 1988, the CDC published definitions of nosocomial infection. 17 However, because of the journalistic style and constraints of space, these definitions lacked the detail provided to NINSS. In 1992, in response to a request by the Surgical Wound Infection Task Force, 18 a group composed of members of the CDC, the Society for Hospital Epidemiology of America, 10 There were two main reasons for these changes. In the definitions of 1988, the anatomical location of deep wound infections was not specified. 19 Since in surgical terminology the term 'wound' denotes only the incision from skin to deep soft tissues, the term 'organ/space' allowed for the definition of any part of the anatomy, other than the incision, which had been opened or manipulated during the operation. 10, 17 NINSS was established in 1996 to provide information which would help the identification of, and reduction in, the extent of avoidable hospital-acquired infections. Its surveillance has increased the awareness of infection control within hospitals. 19 More than 60% of users stated that they had already found the surveillance to be of value, although many had not been participating for very long. 19 We targeted primary lower limb arthroplasties as they are commonly performed and may be associated with a relatively high risk of infection. 11 They may require at least three days of stay in hospital after operation. 8 We excluded any form of joint revision to prevent bias caused by a lengthy procedure and an approach through the previous incision. We focused on superficial SSIs as they constitute the bulk of infection following joint replacement in the lower limb, as was noted in the reports of NINSS in 1999 and 2001. 11 Our results clearly demonstrate that certain components of the third CDC criterion are unreliable as the findings lacked interobserver agreement, mainly due to the absence of objectivity in judging tenderness, redness, localised swelling and heat. Despite the absolute agreement as to the presence of purulent wound discharge, we also tested the agreement for the presence of serous or serosanguinous wound leakage which showed significant disagreement among the observers.
There are several problems associated with the surveillance schemes of acquired wound infections in hospitals. 20 There is a general agreement that the apparent rate of infection depends primarily on the definition used. 20 It was previously argued that the criteria needed to satisfy the CDC definition are complicated and subject to observational variability. 21 Our results clearly support this view, particularly in regard to the third criterion. In response to these concerns several scoring systems and predefined criteria for wound infection have emerged. They have been used widely in the literature for the assessment of surgical-site infection and as a tool to compare the prevalence and incidence of this complication between different trusts within the same region or at a national level. 20 Analysis of these systems has shown that the majority include in their definitions of surgical-site infection all or part of criterion 3 for SSI as set by the CDC. They include the National Prevalence Survey of Infection in Hospitals (NPS) definition, 22 the Southampton Wound Assessment Scale 23 (Table VI) , and the modified and original additional treatment, serous discharge, erythema, purulent exudate, separation of the deep tissues, isolation of bacteria, duration of in-patient stay (ASEPSIS) score (Table VII) . 24 The absence of a clear pattern of the type of wounds classified as infected by CDC, but as not infected by NINSS, indicates that the CDC criteria are difficult to apply consistently. Small changes in the CDC definition, as with the NINSS version, cause substantial variation in the apparent percentage of infected wounds. 21 This lack of robustness is disquieting, because the elaborate and labour-intensive CDC definition would probably need to withstand varied adaptations in any nationwide surveillance program. 25 Despite these arguments, the revised CDC definition has 24 The modified version of the ASEPSIS score included 5 points for the development of pus as an outpatient and for a district visit to dress a wound. In-patient scoring was extended from the first week to every subsequent third day during the hospital stay * ASEPSIS, additional treatment, serous discharge erythema, purulent exudate, separation of the deep tissue, isolation of bacteria, duration of inpatient stay † LA, local anaesthetic; GA, general anaesthetic been adopted in many countries to allow international comparison, 26, 27 and is the primary tool used for the interpretation of SSI in the Scottish Surveillance of Surgical Site Infection. 24 Wilson et al 19 recently published their results concerning the interpretation of surgical-site surveillance schemes among orthopaedic surgeons in 102 hospitals which had participated in the NINSS SSI module. 11 Although some surgeons indicated the limitations of some of the components of the CDC criteria, the majority found that the scheme was adequate. 11 Our study had a small number of patients and observers. Similar studies which have tested interobserver reliability previously have used similar sample sizes or fewer. 28, 29 However, by its nature this type of work involves small samples because of the time and work required after operation.
Intra-observer reproducibility was not assessed in this study, because to do so would have required more repetitions of clinical examination and the characteristics of the surgical wound change with time. The long-term stability of interobserver agreement for the same cohort of patients was not assessed due to the lack of resources. However, this is an important consideration for future clinical trials and other such studies, as longer follow-up is required. The recent report from NINSS recommends the establishment of such surveillance. 11, 30 They recommend the use of questionnaires which should be completed by the patient using, in part, the CDC criteria for wound infection. We recommend caution during the analysis of these data as there may be significant observational error, as was highlighted in our study.
Our results clearly demonstrate that part of the third criterion in the CDC guidelines is not reliable and should be revised. Failure to do so could lead to inaccurate statistics that could have detrimental effects on hospital trusts in the setting of league tables regarding the prevalence and incidence of hospital-acquired infection. The current and future aspects of modern infection control revolve around three central components, namely the ongoing surveillance of infection, active efforts at control and qualified staff. Robust and validated predefined criteria need to be established.
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